INTRODUCTION
The syntheses of exoenzymes by Bacillus subtilis have been among the main subjects of study in this laboratory (1, 2, 3) . Biosynthetic processes of proteins, in general, are believed to have close relations to the metabolism of nucleic acids and, consequently, the significance in this respect of the levels of nucleotides of cellular pools cannot be underrated.
The levels of intra-cellular nucleotides of certain microorganisms such as Azotobacter vinelandii (4) and Saccharomyces cerevisiae (5) in relation to their metabolism have been investigated by several workers, but the precise information about the levels of free nucleotides in B. subtilis has not yet been available.
The present paper deals with the identification and determination of free nucleotides in the intra-cellular pool in B. subtilis, and the change of their patterns caused by treatment of bacterial cells with mitomycin C is also described.
EXPERIMENTAL METHODS

Preparation of 32P•Labeled Bacterial Extracts
The cells of Bacillus subtilis strain N were grown with constant shaking at 30°, in 10 ml of a medium (pH 7.3) which contained 0.5% meat extract (Takeda Pa. Co.), loo polypeptone (Takeda Pa. Co.) 0.2% yeast extract (Takeda Pa. Co), 0.2% sodium chloride and 5 x 106 cpm of carrier free 32P-orthophosphate.
After 20 hours of growth, 1 ml portion of the culture medium was inoculated to 100 ml of the same medium, and was allowed to grow five more hours under the same condition.
For the study of the effect of mitomycin C on the bacterial metabolism, the antibiotic was added to the medium 4 hours after the dilution to give the concentration of 5,ug/ml and the incubation was continued one more hour.
Abbreviations used: AMP, adenosine monophosphate; CMP, cytidine monophosphate; GMP, guanosine monophosphate; TMP, thymidine monophosphate; UMP, uridine monosphosphate; ADP, adenosine diphosphate; UDP, uridine diphosphate; UDPG, uridine diphosphate glucose DPN, diphosphopyridine nucleotide; EDTA, ethylenediamine tetraacetate.
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The 32P labeled cells thus prepared were harvested by centrifugation and washed immediately with water. Approximately 0.6 grams of wet cells were obtained from 100 ml culture.
The cells (ca. 6g) were extracted with 30 times volume of 80% ethanol at 78° for 20 minutes and then subjected to repeated extraction with hot absolute ethanol.
The combined extracts were condensed by evaporation in vacuo to 10 ml in volume.
Column Chromatographic Separation
The ethanolic extract corresponding to 6 mg of wet bacterial cells was applied to a Dowex 1-x 8 (formate) column (12 cm x 1.0 cm2), from which the nucleotidesw ere eluted successively with ammonium formate buffer according to the gradient method of HURLBERT et al. (6) . The eluate from the column was collected in 5 ml fractions and the optical desity at 260 m, e was determined as a measure of their nucleotide contents, and the radioactivity of 32P in each 0.5 ml portion was assayed.
The bases and riboside fractions were re-chromatographed on Dowex 1-x 8 (f ormate) columns as described by COHN (7).
Paper Chromatographic Separation
Eluate fractions obtained from the column were grouped into 11 portions as shown in Figure 1 , and the nucleotides in each portion were adsorbed by charcoal and thereafter eluted with 50% ethanol containing 1% ammonia. After the evaporation in vacuo to small volumes, the eluates from the charcoal were applied on filter paper (Toyo Roshi No. 51A) and developed with an isobutanol, butyric acid and ammonia system (8). Nucleotides were detected on paper chromatograms by measuring their absorption at 260 m,u, as well as by taking autoradiograms.
Autoradiography and Measurement of Radioactivity
Radioactivity of each spot on the paper chromatograms was measured with a Geiger-Muller counter.
Autoradiograms were prepared by exposing non screen X-ray films (Fuji Phot. Co.) to the paper chromatograms.
Identification of Nucleotides
Identification of the nucleotide corresponding to each spot was made by comparing its position on the chromatogram and its U.V. absorption spectrum with those of known substances.
The optical density curves were prepared for the range from 220 to 340 m, i by using a Beckman Model DK 2 spectrophotometer.
For some nucleotides, further characterization was carried out as follows: 5'-mononucleotidase (9) was used for the identification of 5'-mononucleotides; DPN was identified by the aid of alcohol dehydrogenase (10); color reaction (11) was applied to detect N-acetyl amino sugar moiety in UDPAX. The nucleoside fraction which was not adsorbed on the Dowex column was rechromatographed and was identified as shown in Fig. 4 . Peak X in Fig. 4 gave adenine after hydrolysis with 1 N HCl for 30 minutes at 100°. This compound was not identical with adenosine or S-methyl-adenosine.
The alcohol extracts of mitomycin C treated cells were analyzed by the same method.
The results are shown in Figs. 5, 6, 7 and 8. The major differences observed between normal and mitomycin treated cells were as follows.
1. Concentrations of total U.V.-absorbing substances in the alcohol extract, especially those of CMP, UMP, GMP, UDPAX (UDP sugar peptide) and Peak X, were much higher in mitomycin traeted cells than in normal cells.
2. The presence of TMP, thymine and UDPX (an unidentified UDP derivative) was observed only in mitomycin treated cells, whereas no such compounds were detected in normal cells.
3. The amounts of ADP and UDP were almost the same in both cases. These results indicate that a remarkable derangement in the nucleotide pool was induced by the effect of addition of mitomycin C. The effects of this compound on E. coli have been investigated by several workers (12, 13, 14) , and it has been suggested that the compound has a significant effects on the DNA metabolism, although the precise mechanism of its action has not yet been well understood.
It may be stated that the analytical method applied in the present study using 32P as a tracer allowed us to follow the contents and their changes of almost all kinds of free nucleotides existing in bacterial cells under various (1) (2) (3)
(5) (6) (7) (8)
